We present results of a microprobe investigation of fresh and least-deformed and metamorphosed gabbroic rocks from Leg 118, Hole 735B, drilled on the east side of the Atlantis II Fracture Zone, Southwest Indian Ridge. This rock collection comprises cumulates ranging from troctolites to olivine-gabbro and olivine-gabbronorite to ilmenite-rich ferrogabbros and ferrogabbronorites. As expected, the mineral chemistry is variable and considerably expands the usual oceanic reference spectrum. Olivine, plagioclase, and clinopyroxene are present in all the studied samples. Orthopyroxene and ilmenite, although not rare, are not ubiquitous. Olivine compositions range from Fo 85 to Fo 30 , while plagioclase compositions vary from An 7 o to An 27 . Mg/(Mg + Fe 2+ ) of clinopyroxene (mostly diopside to augite) varies from 0.88 to 0.54. Mg/(Mg + Fe 2^) of orthopyroxene varies from 0.84 to 0.50. These minerals are not significantly zoned. All mineralogical data indicate that fractional crystallization is an important factor for the formation of cumulates. However, sharp contacts, interpreted as layering boundaries or intrusion margins, suggest polycyclic fractionation of several magma batches of limited volumes. Calculated compositions of magmas in equilibrium with the most magηesian mineral samples at the bottom of the hole represent fractionated liquids through separation of olivine, plagioclase, and clinopyroxene at moderate to low pressures (less than 9 kb). Crystallization of orthopyroxene and ilmenite occurs in the most differentiated liquids. Mixing of magmas having various compositions before entering the cumulate zone is another mechanism necessary to explain extremely differentiated iron-rich gabbros formed in this slow-spreading ridge environment.
INTRODUCTION
About 0.5 km of gabbroic rocks, ranging in composition from troctolites to ferrogabbros, was drilled during Leg 118 on the eastern margin of the Atlantis II Fracture Zone of the Southwest Indian Ridge system. The high recovery (87%) provides an excellent section of part of oceanic layer 3 that was created at a slow-spreading ridge. This stratigraphically controlled suite of gabbroic rocks is the most complete one ever recovered from the ocean floor. Here, we report the primary mineralogy of selected samples and attempt to understand the magmatic processes that generated the observed textures and mineralogies. The Atlantis II gabbros are compared with other gabbros recovered at an ultrafast-spreading ridge (the Garrett Fracture Zone) and at a slow-spreading ridge (the Mid-Cayman Rise). Implications for magma genesis at constructive plate boundaries are discussed in terms of primitive magma compositions, crystal fractionation, and magma mixing.
ANALYTICAL PROCEDURES
From a total of 204 polished thin sections (eight shipboard thin sections and 96 post-cruise thin sections), 143 were selected for microprobe analysis. The analyzed samples represent the different types of gabbro occurring at different depths in Hole 735B (Fig. 1) , and are thought to be representative of each of the major lithologic units defined by the shipboard party (Robinson, Von Herzen, et al., 1989) . In addition, selected samples displaying modal or grain-size layering were analyzed. Two to four analyses were performed 2 Département de Géologie, Université Laval, Ste-Foy, Quebec, Canada G1K 7P4.
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on each grain to detect zoning or heterogeneity. Pyroxenes containing thin (less than 5 µ.m) exsolution lamellae were analyzed using a defocused beam that covered about 16 µm 2 . This procedure results in apparently homogeneous compositions near the pre-exsolution compositions of the high-temperature pyroxenes. Large exsolution lamellae (>5 µm) were analyzed both individually, with a focused beam, and globally, using the previously described procedure. Major, minor, and trace elements (Ti, Al, Ni, Cr) were analyzed using an accelerating voltage of 15 kV and counting times of 100 s. Representative mineral analyses are given in Tables 1 through  6 . Amphiboles are considered to be largely secondary and are not included in this study. Covariation diagrams were constructed using averages of homogeneous phases.
MEGASCOPIC FEATURES
The Leg 118 Shipboard Party divided the recovered sections into six lithologic units (hereafter termed Units I through VI; Robinson, Von Herzen, et al., 1989) . Units I and II consist of olivine-bearing to olivine-poor gabbros and gabbronorites that have been variably affected by high-temperature plastic deformation and mylonitization. This process dramatically reduced the initial grain size of the foliated gabbros and largely obliterated the primary structures and textures. Deformation is much less intense in Units III to VI, and both sharp and gradational contacts involving grain-size, modal, and phase contrasts are commonly preserved. Variations in grain size are by far the most frequent (e.g., Samples 118-735B-38R-3, 58-64 cm; 118-735B-44R-2,115-122 cm; and 118-735B-79R-7, 104-109 cm), and they are thought to be of magmatic origin because phase compositions vary across the boundaries. Such contacts were probably formed either by phase layering or intrusion. Some of these contacts are difficult to interpret because they may have been plastically transposed in response to underlying asthenospheric flowage of the type that affects the lower cumulates in many ophiolite complexes (Nicolas et al., 1988) . Such deformation may also be partly 
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MICROSCOPIC FEATURES
Most of the studied samples exhibit cumulus textures that range from adcumulus to mesocumulus. Chromite, olivine, plagioclase, clinopyroxene, orthopyroxene, and ilmenite are the common cumulus phases, and textural relationships indicate the presence of little trapped melt. Pyroxenes commonly ophitically enclose other phases, particularly plagioclase. Plagioclase occurs in large, subhedral grains that typically show preferred orientations. Olivine is typically anhedral and commonly corroded. Large oikocrysts of clinopyroxene and orthopyroxene (up to 11 cm long), which contain smaller crystals of olivine and plagioclase, are oriented perpendicular to the observed layering. Most ilmenite grains are anhedral, reflecting extensive deformation. In the deformed rocks, ilmenite typically fills intergranular spaces between recrystallized silicate phases. Exsolution lamellae are common in both clinopyroxene (including pigeonite) and orthopyroxene. The presence of narrow exsolution lamellae can cause analytical problems and lead to apparent variations in CaO and FeO (see "Analytical Procedures" section, this chapter). Broad exsolution bands and wormlike blebs (>5 µm wide) commonly cut across the mineral cleavage. Such exsolution features and the presence of pigeonite are typical of slowly cooled plutonic rocks (Hodges and Papike, 1976; Robinson, 1980) . Similar textural relationships have been described from xenoliths enclosed in ferrobasalt from the Juan de Fuca Ridge (Hekinian et al., 1985; Eaby et al., 1986) . However, these xenoliths have at least partially re-equilibrated with the host magma.
WHOLE-ROCK GEOCHEMISTRY
To provide a better framework for our mineralogical studies, we have used the shipboard geochemical data (Robinson, Von Herzen, et al., 1989) to develop a downhole stratigraphy for Hole 735B (Fig. 2) . Whole-rock geochemical logs show oscillatory variations for Mg/(Mg + Fe 2+ ), normative Fo and An, as well as for trace elements Ni, Cr, and TiO 2 . There commonly is a correlation between lithologic boundaries and geochemical breaks. The boundary between Units V and VI is defined by a downward increase in modal olivine and is not marked by a geochemical break (Robinson, Von Herzen, et al., 1989) . The upper parts of the sequence (Units I and II) have been plastically deformed, but igneous textures are preserved in the other lithologic units. In addition, many of the fine-grained metamorphic rocks have been hydrothermally altered.
We attribute the apparent cyclic geochemical variations in the rocks of Units I and II to reflect the combined effects of original lithological variation, metamorphism, and deformation, with associated hydrothermal alteration. Lithological variation in the sequence is also indicated by immobile trace elements, such as Y and Zr (Robinson, Von Herzen et al., 1989) . Cyclic variations were also observed in Units III and IV. Below Unit IV, only Ni, Cr, and normative An exhibit cyclical variations. Ni and Cr are compatible elements that correlate with modal abundances of olivine and chromite plus pyroxene, respectively. Cyclical variations in these elements reflect magmatic layering and cryptic variations in mineral compositions.
There is a systematic inverse correlation between Ti and Ni, Cr, Mg/(Mg + Fe 2+ ), normative Fo, and normative An. TiO 2 values correlate with the modal abundance of ilmenite that is present at various stratigraphic levels. Maximum TiO 2 values (9 wt%) occur in Unit IV, but other peaks are present in Units I and II. The available geochemical data suggest that ilmenite is concentrated in the most evolved cumulates found in Hole 735B. For instance, ilmenite-rich layers have both Fe-rich olivine (Fo 30 ) and Na-rich plagioclase (An 30 ). The ilmenite is probably a magmatic phase produced by fractionation of an iron-rich melt. This interpretation is supported by the Mg and Mn contents of ilmenite (Table 5) .
Units V and VI are more homogeneous than the overlying rocks and show little variation in Mg/(Mg + Fe 2+ ) (average value 0.85), TiO 2 (average 0.10 wt%) and normative Fo (average value 80). Ni and Cr are abundant throughout this part of the sequence and attain values as high as 741 and 3668 ppm, respectively. These rocks have high, but somewhat variable, normative An contents (An^.go). The geochemical data suggest that the cumulates of Units V and VI were derived from a relatively primitive, high-magnesian melt.
Thus, the rocks of Hole 735B range from Fe-rich to Mg-rich cumulates, with all gradations in between. These end-member compositions, as well as the intermediate types, occur at various stratigraphic levels, but the Fe-rich cumulates are concentrated in Unit IV and the Mg-rich varieties are concentrated in Units V and VI.
Zr/Y ratios vary from 0.8 to 4, but exhibit no systematic variation with depth. The relatively wide range of Zr/Y ratios may reflect different parental magmas or different abundances of clinopyroxene in the cumulates (KDY-CPX = 0.5 to 1.5, Pearce and Norry, 1979) . If different magma types were involved, intrusive relationships must be invoked to explain the lack of stratigraphic control on the Zr/Y ratios.
NORMATIVE MINERAL COMPOSITIONS VS.
MICROPROBE COMPOSITIONS In Figure 2 , we have plotted actual olivine and plagioclase compositions determined by microprobe analysis vs. CIPW normative mineral compositions calculated by bulk rock compositions. In general, the two show good agreement, but some discrepancies were observed for An values in Unit IV and below 380 m. These discrepancies probably reflect abrupt geochemical and mineralogical variations with depth associated with phase layering. Normative compositions are usually good indicators of the expected mineralogy in cumulate gabbros. However, normative values represent averages of short core intervals that mask real variations in mineral composition across the same intervals. Differences are most pronounced in magnesian gabbros and ferrogabbros, where normative calculations do not reflect the actual distribution of Mg in olivine and pyroxene and of Fe in oxides and other silicate minerals.
The differences in measured and calculated Mg/(Mg + Fe 2+ ), as shown in Figure 2 , clearly illustrate this relationship. Even though the trends in normative and measured Mg/(Mg + Fe 2+ ) are parallel, the normative mineral compositions obviously do not reflect small-scale mineralogical variations related to crystal accumulation and subsolidus re-equilibration. As will be seen later, these variations also do not reflect mineral zoning. In Fe-rich gabbros, the differences between Mg/(Mg + Fe 2+ ) of clinopyroxene and normative Mg/(Mg + Fe 2+ ) is easily explained by exsolution of orthopyroxene lamellae, which increases the Mg/(Mg + Fe 2+ ) of the host grain. Figure 3 shows the range of compositions measured in single grains of olivine, plagioclase, and clinopyroxene. Clearly, compositional zoning is not significant in these minerals over a wide range of composition. Plagioclase and clinopyroxene are somewhat more variable in composition than olivine, but measured values represent less than 10% molecular variation relative to total mineral composition. This variation lies within the range of normal mineral heterogeneity from cation site occupancy. The absence of significant zoning is in agreement with low abundances of trapped liquid, deduced from textural relationships and low incompatible element abundances (Meyer et al., 1989) . The small volume of trapped liquid probably reflects the mode of mineral accumulation or later expulsion of intercumulus liquids. The absence of such liquids in these rocks probably explains the lack of important post-cumulus re-equilibration, such as was reported by Chalokwu and Grant (1987) 27 ). The evolved gabbros contain feldspar, which is more Na-rich, and olivine, which is more Fe-rich, than is usually reported for oceanic gabbros (see Elthon, 1987 , for a review). These new findings involve a considerable extension of the oceanic compositional spectrum. These mineral assemblages reflect Fenner-type differentiation of tholeiitic magmas. Significant enrichment in Fe and Ti leads to crystallization of ilmenite, such as that observed in Unit IV. Large variations in clinopyroxene composition are largely attributed to subsolidus re-equilibration. Application of the Lindsley and Anderson (1983) geothermometer (not illustrated here) suggests a temperature range of 1200° to 700°C for crystallization and, thus, important subsolidus re-equilibration of these rocks.
ZONING OF MINERALS

TRACE ELEMENTS IN SILICATE MINERALS
Variations in trace elements (Cr, Ni, and Ti) in mineral phases were used to test various fractionation models derived from variations in major elements and to identify different magma batches. In Figure 5A , variation of NiO content in olivine is plotted vs. forsterite content. Maximum NiO values of 0.18 wt% were recorded in the most mafic rocks, those of Units V and VI, although Fe-rich olivine from Section 118-735B-80R-6 has no detectable NiO. In general, the lower limit of detection for NiO in olivine is at Fo 65 . The observed variation in NiO is consistent with rapid removal of Ni from the melt by incorporation in olivine (KD = 10-15; Irving, 1978) and sulfide phases (small amounts of pentlandite and Ni-pyrrhotite were observed). The nearly continuous evolution from Mg-olivine to Fe-olivine suggests that only limited resorption of the newly formed crystals took place. Gabbros from the Mid-Cayman Rise and the Garrett Fracture Zone are characterized by Ni-rich olivine that crystallized from more primitive (or S-undersaturated) melts than those from which the Leg 118 gabbros were formed (Sato, 1977) .
Figure 5B Clinopyroxenes from the Garrett Fracture Zone are enriched in Cr 2 O 3 relative to those from Hole 735B, mainly because orthopyroxene is not abundant in such Mg gabbros (Hébert et al., 1983) , leaving more Cr to be partitioned into clinopyroxene. Gabbroic rocks of the Mid-Cayman Rise have clinopyroxenes that exhibit a chemical evolution trend similar to those from the Leg 118 gabbros. Cr^ variation in clinopyroxene is consistent with experimental results for moderate to low pressures of fractionation (Grove and Bryan, 1983) .
Variations in TiO 2 content of clinopyroxene vs. Fs molecular proportions are shown in Figure 5C . Maximum TiO 2 values (1.5 wt%) were observed in Fs-poor clinopyroxenes from Units V and VI. Minimum values (0.1 wt%) were recorded in Unit I. However, TiO 2 contents of clinopyroxene are highly variable, even within a single unit. Clinopyroxenes from oxide-bearing layers in,Units V and VI are Fs-rich varieties having moderate TiO 2 contents (0.3-0.6 wt%). TiO 2 decreases in clinopyroxenes as the Fs component increases. Clearly, TiO 2 has been preferentially partitioned into ilmenite, which appears on the liquidus of highly fractionated melts.
Variations in trace elements strongly suggest that the Leg 118 gabbros were formed from more than one batch of magma. NiO and Cr 2 O 3 gradually decrease upward in the section between Units VI and IV. Values increase abruptly at the base of Unit III and then decrease gradually upward through Units III and II. A complete data set is not available for Unit I. TiO 2 varies reversely to NiO and Cr 2 O 3 . Magma mixing provides the best explanation for these trends. In Figure 5C , a mixing line shows how fractionation trend I might have been shifted to trend II. This mechanism should involve at least two different magma batches and might have been repeated several times. Mixing of residual liquid left after crystallization of the early formed gabbros (Units VI, V, and part of IV) with a primitive liquid might have reset the compatible trace elements to the higher values observed in gabbros of Units IV through I. The parallel increase of the Fs molecule in clinopyroxene is also consistent with "normal" differentiation of a tholeiitic melt. Replenishment of the magma reservoir may have caused Fs to decrease in response to an increase in Mg (Unit III, Fig. 5C ). Replenishment of the magma reservoir with a more primitive melt may also have caused ilmenite growth to cease, so that TiO 2 should be partitioned into clinopyroxene (TiO 2 content increases in clinopyroxene, see Fig. 5C ). This general scheme of fractionation and mixing is well documented in major ophiolitic complexes, such as Semail (Pallister and Hopson, 1981) and the Bay of Islands (Komor et al., 1985 (Komor et al., , 1987 , and we think that this scheme was important during the genesis of Leg 118 gabbros. The origin of the Fe-rich layers in Units V and VI remains problematic. These layers (e.g., Section 118-735B-80R-6) might be explained by local replenishment of the magma reservoir or by intrusion of small batches of evolved (and already mixed) liquid.
Additional information about the magmatic evolution of these gabbros may be obtained by considering the Ti vs. Cr Table 1 
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54R-4 54R-4 54R-4 54R-4 61R-1 69R-2 74R-5 74R-6 75R-5 79R-6 79R-7 79R-7 80R-1 80R-6 81R-1 81R-6 82R-4 83R-6 84R-7 85R-7 86R-4 86R-6 87R-6 0-9 0-9 0-9 0-9 126-135 55-67 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 54R-4 57R-3 57R-3 64R-2 64R-2 69R-2 69R-2 69R-2 69R-2 74R-5 74R-6 79R-6 79R-6 79R-7 79R-7 80R-6 80R-6 81R-1 82R-2 83R-6 85R-7 86R-1 86R-1 86R-4 86R-6 87R-6 0- and Ti vs. Al(iv) relationships of the pyroxenes (Fig. 6A and 6B, respectively). In the diagram of Ti vs. Cr, clinopyroxenes from troctolites of Unit VI plot within or near the oceanic ultramafic cumulate field (comprising troctolites from the Garrett Fracture Zone; Hébert et al., 1983) . Clinopyroxenes from Section 118-735B-80R-6 (Unit VI) plot in the oceanic gabbro field and were formed by crystallization from an evolved Ti-rich, Cr-poor liquid. Clinopyroxenes from Units V and IV plot in the same field. Clinopyroxenes from Unit III plot on a slightly different line of evolution, suggesting that these rocks were in equilibrium with a melt of different composition. However, the lines of evolution are parallel. In Figure 6B , a positive correlation of Al(iv) vs. Ti takes place in Leg 118 clinopyroxenes. Only three analyses plot in the field of metamorphic clinopyroxenes defined by Mével (1987) . This correlation illustrates early Ti and Al partitioning into clinopyroxene before ilmenite and plagioclase became important liquidus phases. In addition, experimental results demonstrate the pressure-dependence of Al that partitioned into clinopyroxene (Elthon, 1987; Colson and Gust, 1989) .
MINERAL COVARIATION
Evolutionary trends of co-crystallizing phases are useful for characterizing igneous suites (Longhi, 1982) . Figure 7 presents the variation of An in plagioclase vs. Fo in olivine (Fig. 7A) and An vs. Mg/(Mg + Fe 2+ ) in clinopyroxene (Fig.  7B) . In both diagrams, Leg 118 gabbros plot within the previously defined spectrum for oceanic cumulates, and nearly perfect correlation exists among the various parameters. Covariation arrays for gabbros from the Garrett Fracture Zone and the Mid-Cayman Rise span a smaller range than do Leg 118 gabbros. The An content of plagioclase from the Mid-Cayman Rise may decrease more rapidly than it does in plagioclase from other sequences. Leg 118 gabbros extend the mineral covariation arrays to more evolved compositions than previously known for oceanic cumulates. The most primitive Leg 118 gabbros (those of Unit VI) plot in the primitive part of the array in Figure 7 , but are somewhat more evolved than the most primitive cumulates recognized so far (Hébert, 1985) . One interval within Unit VI (Section 118-735B-80R-6) contains evolved minerals that lie along the covariation trends extending from the most magnesian cumulates. This suggests that if these evolved gabbros were formed by differentiation of mixed magmas, the liquids involved were derived from similar melts. The entire sequence of gabbros was derived from liquids having high initial Ca/(Ca + Na) ratios and Mg/(Mg + Fe 2+ ), which evolved toward Na-and Fe-rich end-members. At various stages of evolution, primitive and more fractionated melts were mixed, and these mixed liquids then evolved further to form strongly Fe-enriched melts. Two major fractionation trends can be recognized (Fig. 7) : one parallel to the normal trend for oceanic cumulates, the other parallel to the trends of Mid-Cayman Rise gabbros. Fractional crystallization, removal of intercumulus liquids, and mixing of cotectic crystals and liquids are necessary to explain the linear covariation trends of oceanic cumulates (Longhi, 1982) . These processes are thought to occur at generally moderate pressures (5-10 kb) (Grove and Bryan, 1983; Elthon, 1987) because the An/Fo molecular ratio is near unity, in agreement with experimental cotectic crystallization (Roeder and Morel (1979) . Emslie, 1970; Drake, 1976; Longhi, 1982) . However, the presence of pigeonite and olivine plus plagioclase assemblages in some Leg 118 gabbros suggests an upper limit of about 8 kb for crystallization (Fujii and Bougault, 1983; Elthon and Scarfe, 1984) . The oceanic mineral covariation array is a useful means of distinguishing MORB-related ophiolites (e.g., North Apennine ophiolites, Hébert et al., 1989 ) from arcrelated ophiolites (e.g, Troodos ophiolite, Hébert and Laurent, in press).
COMPOSITION OF MELTS IN EQUILIBRIUM WITH MAGNESIAN CUMULATES
Fe-Mg partitioning between olivine and the melt was largely independent of temperature, pressure, and composition of the phases present (Roeder and Emslie, 1970) , at least for pressures of less than 10 kb (Ulmer, 1989) . Using a KD value of 0.27, we have calculated FeO*/MgO ratios of the liquids in equilibrium with cumulus olivine. FeO*/MgO ratios of these liquids vary from 1.1 to 2.7 (Fig. 8) , a range similar to that measured from Pacific MOR lavas (Pallister and Hopson, 1981) . Mid-Atlantic Ridge lavas exhibit more primitive ratios, some as low as 0.6 (Fig. 8) . Making use of olivine-, clinopyroxene-, and plagioclase-liquid partition coefficients (Roeder and Emslie, 1970; Grove and Bryan, 1983; Drake, 1976) , we calculated the predicted compositions of liquids capable of generating the troctolite of Unit VI (Table 6 ; see details in Hébert and Laurent, in press ). Plots of calculated mol% MgO and FeO in the liquids vs. the microprobe analyses of equilibrated olivine (Fig. 9) Rise (Elthon, 1987) . The Mg/(Mg + Fe 2+ ) of the calculated liquids are not comparable to those of the most primitive glasses reported from the FAMOUS area (Stakes et al., 1984; Reid et al., 1989) . CaO/Al 2 O 3 ratios are low, varying from 0.73 to 0.83, which suggests that clinopyroxene largely fractionated from more primitive melt compositions (Bence et al., 1979; Reid et al., 1989) . Comparisons with some Mid-Atlantic Ridge primitive liquids (Bryan, 1983; Reid et al., 1989) Table 6 are the products of extensive fractional crystallization because they plot away from the most primitive glasses (Stakes et al., 1984; Hekinian et al., 1976 ). Ulmer's experimental results (1989) indicated low pressure fractionation of the liquids. For instance, calculated liquids for Leg 118 gabbros are chemically equivalent to those formed by melting of nonrefractory sources at pressures of about 9 kb (Presnall et al., 1979 
NATURE OF THE SUBRIFT MAGMA CHAMBER
The Southwest Indian Ridge is a slow-spreading axis (0.8 cm/yr) similar in many respects to the Mid-Atlantic Ridge. Nisbet and Fowler (1978) predicted that such slow-spreading ridges were underlain by small magma chambers, perhaps less than 2 km wide. Conversely, this model fits seismic evidence that strongly suggests the presence of large magma chambers, such as those found on the fast-spreading East Pacific Rise (Detrick et al., 1987) . Generation of the Leg 118 gabbros in a relatively small magma chamber might explain many of their observed features: (1) their poor layering, which suggests small volumes of magma; (2) fractionation and limited mixing of several batches of magma with individual chemical characteristics; (3) possible thickening of oceanic layer 3 by magmatic intrusion of sills and dikes near the ridge axis; (4) more extensive mixing needed to explain the large spectrum of compositions of the silicate minerals and the locally abundant ilmenite, apatite, and zircon.
CONCLUSIONS
The mineralogy and phase chemistry of Leg 118 gabbros suggest that they were formed by fractional crystallization of tholeiitic magmas. The cumulates range from troctolites (Units V and VI), through olivine gabbros and gabbronorites to ilmenite-rich gabbros and gabbronorites. A wide range of mineral compositions was observed; olivine and pyroxene range from Mg-rich to Fe-rich, and plagioclase ranges from highly calcic to moderately sodic. At least some degree of magma mixing is required to explain the formation of Fe-rich and incompatible element-rich cumulates. Calculated parental melt compositions for the troctolites suggest that they were relatively fractionated liquids. Relatively low CaO/ A1 2 O 3 ratios for these melts suggest that clinopyroxene, olivine, and plagioclase were fractionated at low-to-moderate pressures. Poor layering, small volumes of magma, and possible intrusions suggest formation of the gabbros in a relatively small magma chamber, perhaps 1 to 2 km wide. We conclude that a small degree of magma mixing in such a chamber is physically possible to explain the mineralogical data. Ti (CP×) Figure 6 . Diagrams of trace-element variations in clinopyroxene. A. Ti vs. Cr. B. A1 IV vs. Ti. Atomic proportions are calculated from the structural formulae. Same symbols as is in Figure 5 . Fields for oceanic clinopyroxene are taken from Hébert (1982) and Mével (1987) . O.G. = oceanic gabbros; U.C. = oceanic ultramafic cumulates, L. 37 = Leg 37 cumulates, T. = oceanic tectonites, M.C.= metamorphic clinopyroxene. Mg# (CPX) Figure 7 . Diagrams of mineral co-variation. A. Anorthite content in plagioclase vs. Fo content in olivine. B. Anorthite content in plagioclase vs. Mg# in clinopyroxene. Trend of evolution for GFZ is taken from Hébert et al. (1983) . Trend evolutions for MCR are taken from Elthon (1987) . Field of oceanic spectrum is taken from Hébert et al. (1989) . O.C.= oceanic cumulates. Other symbols as in 
